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EXECUTIVE SUMMARY

AES Pacific, Inc. (“AES”) applied to Southern California Edison (“SCE") for distribution service
under the terms of SCE's Wholesale Distribution Access Tariff (“WDAT"). AES will own and
operate a 300 MW generating facility (“AES Highgrove”) to be interconnected at SCE’s
Highgrove Substation. Distribution service pursuant to the WDAT is proposed to be from SCE'’s
115 kV Highgrove Substation to the California independent System Operator (“ISO™) grid at
SCE's 230 kV Vista Substation. The proposed in-service date of AES’s Highgrove Plant is May
2007.

The AES Highgrove Plant is a generation system consisting of three (3) 100 MW Brush
Electrical Machines Ltd. Gas Turbine Generators, with a net generation export of 300 MW. As
requested by AES, SCE performed a System Impact Study to identify the general electrical
system impacts of the AES Highgrove Plant and possible mitigation measures {o maintain
conformance with SCE, 1SO, or other applicable reliability planning criteria.

The study consisted of a power flow analysis and a short circuit duty analysis (Phase 1 study
scope) to determine whether the energy associated with AES’s Highgrove Plant can be
transmitted through SCE's distribution system to the ISO grid at Vista Substation, without
creating the need for modifications to SCE's distribution system and/or the 1SO grid. The study
showed that, with the AES Highgrove Plant on-line:

e Thermal loadings on the SCE facilities used to provide the requested distribution service
are all within criteria limits.

. Threé-phase short-circuit duties increase by 0.1 kA or more at ien (10) 115 kV buses,
eighteen (18) 230 kV buses, and five (5) 500 KV buses that have duty levels above 60%
of their nameplate three-phase ratings. ‘

« Single line-to-ground short-circuit duties increase by 0.1 kA or more at five (5) 115 kV
bus that have duty levels above 60% of their nameplate single line-to-ground ratings.
The evaluation of the single line-to-ground duty increases for the 230 kV and 500 kV
puses will be conducted as part of the Facilities Study.

Based on these results, SCE concludes that a Facilities Study will be required to evaluate the
need for circuit breaker replacements at the 115 kV, 230 kV, and 500 kV levels as a result of the
AE Highgrove Plant. The Facilities Study should include the follow ing scope:

e Evaluate the need for circuit breaker replacement and develop detail ed costs for any
identified breaker replacement at the following ten (10) 115 kV buses, eighteen (18) 230
KV buses, and five (5) 500 kV buses where the AES Highgrove Plant increases three-
phase short-circuit duties by 0.1 kA or more and where duty levels are above 60% of
three-phase ratings:

Devers 500 kV
Lugo 500 kV
Miraloma 500 kV
Serrano 500 kV
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e Evaluate the need for circuit breaker replacement
' identified breaker replacement at the following five
AES Highgrove Plant increase

Stagecoach 500 kV
Barre 230 kV

Chinoc 230 kV

Del Amo 230 kV
Devers 230 kV
Etiwanda 230 kV
Huntington Beach B 230 kv
La Fresa 230 kV
Lugo 230 kV

Mira Loma E 230 kV
Mira Loma W 230 kV
Olinda 230 kV

Padua 230 kV

San Onofre 230 kV
San Bernardino 230 kV
Serrano 230 kV
Stagecoach 230 kV
Villa Park 230 kV
Vista 230 kV

Altwind 115 kV
Calectric 115 kV
Highgrove 115 kV
Homart 115 kV
Pepper 115 kV
Shandin 115 kV
Vista 115 kV

Devil Canyon 115 kV

Mojave Siphon (Cdwr) 115 kV

San Benardino 115 kV
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Calectric 115 kV
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San Bernardino 115 KV
Vista 115 kV
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CALIFORNIA PORTLAND CEMENT COMPANY
SYSTEM IMPACT STUDY

March 31, 2005

1. INTRODUCTION

AES Pacific, Inc. (“AES") applied to Southern California Edison (“SCE”) for distribution service under the
terms of SCE's Wholesale Distribution Access Tariff ("WDAT"). AES will own and operate a 300 MW
generating facility ("AES Highgrove”) to be interconnected at SCE's Highgrove Substation. Distribution
service pursuant to the WDAT is proposed to be from SCE's 115 kV Highgrove Substation to the
California Independent System Operator (“1SO*) grid at SCE's 230 kV Vista Substation. The proposed
in-service date of AES's Highgrove Plant is May 2007. :

The AES Highgrove Plantis a generation system consisting of three (3) 100 MW Brush Electrical
Machines Ltd. Gas Turbine Generators, with a net generation export of 300 MW. As requested by AES,
SCE performed a System Impact Study to identify the general electrical system impacts of the AES .
Highgrove Plant and possible mitigation measures to maintain conformance with SCE, SO, or other::»
applicable reliability planning criteria. :

The study consisted of a power flow analysis and a short circuit duty analysis (Phase | study scope} to
determine whether the energy associated with the AES Highgrove Plant can be transmitted through-
SCE's distribution system to the ISO grid at Vista Substation, without creating the need for modifications
to SCE's distribution system and/or the ISO grid. This report describes the study conditions and
assumptions and presents the results of the power flow and short circuit duty analyses. Based on these
results, the report concludes that a Facilities Study will be required to evaluate the need for circuit
breaker replacements at the 115 KV and 230 kV levels as a result of the AES Highgrove Plant. Phase Ii.
of this System Impact Study (i.e., stability study and post-transient voltage study) will not be required
unless requested by a third party.

2. STUDY CONDITIONS AND METHODOLOGY

" A. Planning Criteria

The study was conducted by applying SCE'’s planning criteria fo the SCE facilities used to provide the
requested distribution service. Specifically, the main criteria applicable to this study are as follows:

Power Flow Criteria

Line loading should not exceed 100% of a conductor’s thermal rating with all facilities in service {base
case).

Line loading should not exceed 135% of a conductor’s thermal rating with one line out of service (N-

1).

AES Highgrove SIS.doc SCE Confidential 3/31/05
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Shor-Circuit Duty Criteria

Short-circuit duty should not exceed a circuit breaker's interrupting capability with maximum area
generation on-line.

B. System Load Conditions

The study considered three system load conditions: peak loads, light loads, and very light load or
evening loads. The peak load forecast was based on SCE’s 2005-2014 Distribution Substation Plan.
The light load forecast was assumed to be 50% of the peak load for ecast and the very light load was
assumed to be 35% of the peak load forecast. Two scenarios were considered for each load
condition, the first scenario was the 2007 Vista system configuration and the second scenario was
the 2009 Vista system configuration.

C. Power Flow Study

This study evaluated AES Highgrove Plant's impact on line loadings for base case and N-1
conditions. Line loadings were monitored both with and without the AES Highgrove Plant fo
determine if the addition of the Highgr ove Plant causes any violations of SCE’s thermal loading
criteria. ‘

D. Shprt-Circuit Duty Study

This study evaluated the AES Highgrove Plant’s impact on short-circuit duties seen by substation
circuit breakers at the 115 KV, 230 kV, and 500kV levels. Symmetrical three-phase fault currents and
single line-to-ground fault currents were calculated both with and without the AES Highgrove Plant to
determine if ihe addition of the AES Highgrove Plant causes any violations of SCE's short-circuit duty
criteria.

The dataset used for the short-circuit study represented all existing generation and all projects in the
qgueue {up to and including the AES Highgrove Plant) as on-line. Substations where the AES
Highgrove Plant increases three-phase short-circuit duties by 0.1 kA or more and where duty levels
are above 60% of circuit breaker nameplate three-phase ratings were identified for a more detailed
review of asymmetrical duties in the Facilities Study. Similarly, substations where the AES
Highgrove Plant increases single line-to-ground short-circuit duties by 0.1 kA or more and where duty
levels are above 60% of circuit breaker nameplate single line-to-ground ratings were identified for a
more detailed review of asymmetrical duties in the Facilities Study.

. DISCUSSION OF STUDY RESULTS

A. Power Flow Study

For peak load, light load and very light load conditions for both the 2007 and 2009 Vista system
configurations, the addition of the AES Highgrove Plant causes no violations of SCE’s thermal
loading criteria to the Vista 115kV system.

The AES Highgrove Plant has the largest incremental impact on thermal ioading of SCE's two Vista-
Highgrove 115 kV lines. These two 115 kV fines along with four others are used to provide
subtransmission service to the Highgrove facility. For peak load, light load and very light load
conditions for the 2007 scenario, the addition of the Project decreases thermal loading on these lines
by about 20-25 MW each, due to power being exported from Highgrove once the AES Highgrove

AFS Highgrove SIS.doc SCE CONFIDENTIAL 3/17/05

Page 2




plant is on-line rather than being imported. Thermal loading on the remaining lines in the Vista 115
kV system are relatively unchanged with the addition of the AES Highgrove Plant for the 2007
scenarios. :

For the 2009 Vista system configuration scenario the AES Highgrove Plant has the largest
incremental impact on thermal loading of SCE’s two Vista-Highgrove 115 kV lines. For peak load
condition for the 2009 scenario, the addition of the Project decreases thermal loading on these lines
by about 30 MW each, due to power being exported from Highgrove once the AES Highgrove plant is
on-line rather than being imported. For the light load and very light load conditions for the 2009
scenario, the addition of the Project increases thermal loading on these lines by about 45-70 MW
each, due to power being exporied from Highgrove once the AES Highgrove plant is on-line rather
than being im ported. Thermal loading on the remaining lines in the Vista 115 kV system are relatively
unchanged with the addition of the AE S Highgrove Plant for the 2009 scenarios.

B. Short-Circuit Duty Study

Table 1 summarizes the impact of the Highgrove Plant on symmetrical three-phase short-circuit
duties and X/R ratios at various 115 kV and 230 kV buses on the SCE system. Ten (10) 115 kV
buses, eighteen (18) 230 kV buses, and five (5) 500 kV buses were identified for which the Project
increases three-phase duties by 0.1 kA or more and where duty levels are above 60% of nam eplate
three-phase ratings:

Devers 500 kV

Lugo 500 kv
Miraloma 500 kV
Serrano 500 kV
Stagecoach 500 kV
Barre 230 kV

Chino 230 kV

Del Amo 230 kV
Devers 230 kV
Etiwanda 230 kV
Huntington Beach B 230 kV
La Fresa 230 kV
Lugo 230 kV

Mira Loma E 230 kV
Mira Loma W 230 kV
Olinda 230 kV

Padua 230 kV

San Onofre 230 kV
San Bernardino 230 kV
Serrano 230 kV
Stagecoach 230 kV
Villa Park 230 kV
Vista 230 kV

Altwind 115 XV
Calectric 115 kV
Highgrove 115 kV
Homart 115 kV
Pepper 115 kV
Shandin 115 kV
Vista 115 KV

OOOOOOOOOOOOOOOODOOOOOOOOOOOO

0
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o Devil Canyon 115 kV
o Mojave Siphon (Cdwr) 115 kv
o $San Benardino 115 kV

Table 2 summarizes the impact of the Highgrove Plant on symmetrical single line-to-ground short-
circuit duties and X/R ratios at various 115 kV buses on the SCE system. Four (4) 115 kV
substations were identified for which the Project increases three-phase duties by 0.1 kA or more and
where duty levels are above 60% of nameplate single line-to-ground ratings:

Calectric 115 kV
Highgrove 115 kV
Shandin 115 kY

San Bernardino 115 kV

O 00O

The evaluation of the single line-to-ground duty increases for the 230 kV and 500 kV buses will be
conducted as part of the Facilities Study.

A more detailed review of asymmetrical duties and circuit breaker interrupting capabilities at these
substations will be required in the Facilities Study to evaluate the need for circuit breaker
replacements as a result of the AES Highgrove Plant.

4. CONCLUSIONS

The results of this System Impact Study shawed that, with the Highgrove Plant on-line:

o Thermal loadings on the SCE facilities used to provide the requested distribution service are all
within criteria limits.

¢ Three-phase short-circuit duties increase by 0.1 kA or more at ten (10) 115 kV buses, eighteen
(18) 230 kV buses, and five (5) 500 kV buses that have duty levels above 60% of their
nameplate three-phase ratings.

s Single line-to-ground short-circuit duties increase by 0.1 kA or more at five (5) 115 kV bus that
have duty levels above 60% of their nameplate single line-to-ground ratings. The evaluation of
the single line-to-ground duty increases for the 230 kV and 500 kV buses will be conducted as
part of the Facilities Study. '

Based on these results, SCE concludes that a Facilities Study will be required to evaluate the need
for circuit breaker replacements at the 115 kV, 230 kV, and 500 kV levels as a result of the AE
Highgrove Plant. The Facilities Study should include the following scope:

+ Evaluate the need for circuit breaker replacement and develop detail ed costs for any identified
breaker replacement at the following ten (10} 115 KV buses, eighteen (18) 230 kV buses, and
five (5) 500 kV buses where the AES Highgrove Plant increases three-phase short-circuit duties

~ by 0.1 kA or more and where duty levels are above 60% of three-phase ratings:

Devers 500 kV
lugo 500 kV
Miraloma 500 kV
Serrano 500 kV
Stagecoach 500 kV
o Barre 230 kV

AES Highgrave 818.doc SCE CONFIDENTIAL ' 3/17/05
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Chino 230 kV

Del Amo 230 kV
Devers 230 kV
Etiwanda 230 kV
Huntingion Beach B 230 kV
La Fresa 230 kV

Lugo 230 kV

Mira Loma E 230 kV
Mira Loma W 230 kV
Olinda 230 kV

Padua 230 kV

San Onofre 230 kV
San Bernardino 230 kV
Serrano 230 kY
Stagecoach 230 kV
Villa Park 230 kV

Vista 230 kV

Altwind 115 kV
Calectric 115 kV
Highgrove 115 kV
Homart 115 kV

Pepper 115 kV
Shandin 115 kV

Vista 115 kV

Devil Canyon 115 kV
Mojave Siphon (Cdwr) 115 kY
San Benardino 115 kV

OOOOOOOOOOOOOOOOOOOOOOOOOOO

« Evaluate the need for circuit breaker replacement and develop detail ed costs for any identified

breaker replacement at the following five (5) 115 kV substations where the AES Highgrove Plant = ..

increases single line-to-ground short-circuit duties by 0.1 kA or more and where duty levels are
above 80% of single line-to-ground ratings:

Calectric 115 kV
Highgrove 115 kV
Shandin 115 kV

San Bernardino 115 kV
Vista 115 kV

o0 0 O0CQ

Preliminary cost estimates to replace all of the circuit breakers at the identified substations are
included in Table 1 and Table 2 of this System Impact Study. Detailed costs will be developed in the
Facilities Study.

Phase Il of this System Impact Study (i.e., stability study and post-transient voltage study) will not be
required unless requested by a third party.

AES Highgrove S18.doc SCE CONFIDENTIAL 3/17/05
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TABLE 1
THREE-PHASE SHORT-GIRCUIT DUTY SUNMMARY

Substation Bus Minimum CB Bsfore AES Highgrovs Project Afier AES Highgrove Project Delta # of Breakers Estimated Cost Estirna{d 1
Rating (kA) | Threa-Phase Duty (ki) | X/R Ratio Thrae-Phase Duly (kA) /R Ralio ki at Substation Par Breaker (§M) Cost {3M)
O T ; R i T T R i S
40.0 16.6 . %G,60
21.7 $26.40
248 $22.00
24.3 19,80
Stagecoach 500 kY $17.60
?arre 220K $7.20
iR 2
Chino 230 kV $4,05
$4.50
3
$5,85
$6.30
Hunti $‘.I.80
L5 A FS i i S
$9.00
$5.40
$7.65
$5.40
34.05
$2.25

San Orofre 230 kY

San Bemardino 230 kV

gy o
illz2 Park 230 kY
T

Calectric 115 kv
it i

‘;3. 14
Highgra

| 3.0 3
i i ] L
S el it

I i S 54
1?5 32 D $0.30 30,
L ) e e o R Rt
14,3 . . ) . 5

e

$11.70

.50

San Benardino 115 kV 251 12.3

* Pre-preiect critetia violation due to prior generation prejects in the queue.




TABLE 2
SINGLE LINE-TO-GROUND (SLG) SHORT-CIRCUIT DUTY SUMMARY

Supstalion Bus Minimum CB| Bsfore AES Highgrove Project After AES Highgrove Proiect Delta | # of Breakers Estimated Cost Estimated
Rating (kA) SLG Duty (k&) KA at Substation |  Per Breaker (3M) Cost (M)
Rk [ K 1

Calgctric 115 kV

Vistz 115 KV

San Benarding 115 KV 251 13.4 8.0 15.4

* Pre-project criteria violation due ta prior generation projects in the queue.
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AES HIGHGROVE PROJECT
SYSTEM IMPACT STUDY - TRANSMISSION ASSESSMENT

EXECUTIVE SUMMARY

The AES Corporation applied to the California Independent System Operator (CAISO) for
Tnterconnection. The AES Corporation proposed to interconnect three gas turbine generators,
each with a maximum operating rating at 108.19 MW. The generator auxiliary load is 1 MW and
net capacity of the project is rated at 32357 MW. The AES Corporation proposed to
interconnect the project (“AES Highgrove Project”) to the 115KV bus at SCE’s Highgrove
Substation. The in-service date proposed by AES is January 1, 2007.

Southern California Edison’s (SCE’s) Transmission and Interconnection Planning (TIP)
department has performed a System Impact Study to determine the adequacy of SCE’s
transmission system to accommodate the AES Highgrove Project. The study indicates that the
system is not adequate fo accommodate the 323.57 MW of generation without modifications. A
Facilities Study will be required for the AES Highgrove Project.

The results of the System Impact Study will be used as the basis to determine project cost
allocation for facility upgrades in the Facilities Study. The study accuracy and the results for:.-
the assessment of the system adequacy are contingent on the accuracy of the technical data
provided by the AES Corporation. Any changes from the attached data could void the study
results.

SCE’s Field Engineering department has performed a System Impact Study on the SCE affected
distribution network.

POWER FLOW STUDY RESULTS

The power flow study results show that overloading problems are found on several transmission
lines for base-case, single and double contingencies. Specifically:

Base case

Under spring conditions, the project increased prior base case overloads from 113% to 114% on
the Devers — Valley 500 kV line causing a nct 1% increase.

Under summer conditions there were no base case overloads

Single Contingency

Single contingency overload problems are found on a total of six transmission lines. Under
spring conditions, the Etiwanda — Vista 230 kV line was overloaded from 90% - 97% to 103% -
107% of the nominal rating. Prior overloads on the.other lines were increased from 104% -
135% to 100% - 140% of the nominal ratings of the lines.




Under summer conditions, the project increased prior overloads on the Devers — Valley 500 kV
line ranging from 100 — 102% to 102% - 104 Y.

.Double Contingency

Double contingency overload problems are found on a total of five transmission lines. Under
spring conditions, the project overloaded the Serrano — Valley 500 kV line from 90% to 101% of
its nominal rating for one double contingency. Also, the project overloaded the Etiwanda — Vista
230 kV line from 96% - 135% to 110% - 150%of its nominal rating. The project increased prior
overloads on the rest of the lines from 105% - 163% to 110% - 175%. In particular, the project
increased a prior overload on the San Bernardino — Vista 230 kV line from 163% to 175% -
which is in excess of the line’s N-2 conductor rating..

Under summer conditions, the Devers — Valley 500 kV line was overloaded from 103% - 106%
to 105% - 108% of its nominal rating.

Most overloads were due to the existing wave trap limitations and other limitations on the GIS
line terminals located at Valley Substation. The exception is the San Bernardino — Vista 230 kV
line, where overloads exceeded the N-2 emergency limit on the line conductor.

TRANSIENT STABILITY STUDY RESULTS

No transient stability voltage violations were found with the addition of the AES Highgrove
Project. )

SHORT CIRCUIT DUTY STUDY

The data provided by the AES Corporation has been used to study the Short Circuit Duty
contribution. The addition of the Project has impacted 17 substations with increases in the short
circuit duty. These impacts require further study to determine the need for circuit breaker
upgrades.

SCOPE OF WORK

The scope of upgrades to accommodate the generation interconnection on the SCE network is
listed below. This study has not assumed overload mitigation requirements for projects ahead of
the queue.

= Upgrades of the 3000A wave traps and line terminals at Valley Substation 4000A on the
Devers — Valley 500 kV line. ' _

»  Upgrades of line terminals at Serrano & Valley substations on the Serranc - Valley 500
kV line.

= Upgrades of line terminals at Vista and San Bernardino substations on the Vista — San
Bernardino 230 kV line from 2300A to 3000A (or greater) line terminals.

ii




» Upgrades of line terminals at Vista Substation on the Etiwanda and Mira Loma #1 230
kV lines

» Upgrade of line terminals at Barre & Lewis Substations on the Barre — Lewis 230 kV
line.

"= Upgrade the wave traps at Etiwanda Substation on the Vista 230 kV line.
» Upgrade the wave traps at Walnut Substation on the Mira Loma 230 kV line.
» Replacement of transmission line conductors on the San Bernardino — Vista 230 kV line.
o Note: The San Bernardino — Vista 230 kV line conductors are overloaded over its
N-2 rating.

The following items 1 —4 also need to be evaluated for replacement or upgrade in the Facilities
Study.

1. Breakers & Disconnects at Devers Substation on the Valley 500 kV line.

5 Breakers & Disconnects at Ftiwanda Substation on the Vista 230 kV line.

3. Breakers at Mira Loma & Vista Substations on the Mira Loma - Vista 230 kV line.

4. Breakers & Disconnects at Walnut Substation on the Mira Loma 230 kV line.

Note:

Study results may change due to changes in other projects ahead of the queue in the area.. A
re-study may be required if there are changes in the project queue or the scope of projects.
ahead in the queue.

iii
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THE AES CORPORATION
GENERATION INTERCONNECTION

SYSTEM IMPACT STUDY
TRANSMISSION ASSESSMENT

INTRODUCTION

The AES Corporation applied to the California Independent System Operator (CAISO) for
Interconnection. The AES Corporation proposed to interconnect three gas turbine generators,
each with a maximum operating rating at 108.19 MW. The gencrator auxiliary load is 1 MW and
net capacity of the project is rated at 323.57 MW. The AES Corporation proposed to
interconnect the project (‘AES Highgrove Project”) to the 115-kV bus at SCE’s Highgrove
Substation. The in-service date proposed by AES is January 1, 2007.

Southern California Edison’s (SCE’s) Transmission and Interconnection Planning (TIP}
department has performed a System Impact Study to determine the adequacy of SCE’s
transmission system to accommodate the AES Highgrove Project. The study indicates that the
system is not adequateto accommodate the 323.57 MW of generation without modifications.. A
Facilities Study will be required for the AES Highgrove Project.

The results of the System Impact Study will be used as the basis to determine project cost
allocation for facility upgrades in the Facilities Study. The study accuracy and the results for
the assessment of the system adequacy are contingent on the accuracy of the technical data
provided by the AES Corporation. Any changes from the attached data could void the study
results.

SCE’s Field Engineering department has performed a System Impact Study on the SCE affected
distribution network.

The study was performed for two system conditions: (a) 2007 heavy summer load conditions
(once in-ten-year heat wave assumption) with maximurm eastern area generation, and (b) 2007
spring load conditions (65% of 2007 heavy summer peak load) for the total transmission system.
These conditions reflected the most critical expected loading condition for the transmission
system in SCE’s eastern area.
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STUDY CONDITIONS AND ASSUMPTIONS

A. Planning Criteria

The study was conducted by applying the California Independent System Operator (CAISO)

Reliability Criteria. More specifically, the main criteria applicable to this study are as
follows:

Power Flow Assessment

The following contingencies are considered for transmission or sub-transmission lines and
500/230 kV transformer banks (“AA-Bank™):

Assuming both San Onofre Units 2 and 3 in service and then:
s Single Contingencies (N-1 Line or N-1 AA-Bank)
e Double Contingencies (N-2 Two Lines, N-1 Line and N-1 AA-Bank)
(Outages of two AA-Banks are beyond the Planning Criteria)

The following criteria are used:

Base Case Limiting Component Normal Rating

N-1 Limiting Component A-Rating

N-2 : Limiting Component B-Rating

Base Case Normal Loading Rating

Long & Short Term As Defined by SCE Operating Bulletins

Table 2.1
System upgrades or Special Protection Systems for transmission lines are generally
recommended only for base case overloads, single contingency overloads in excess of the -

A-Rating, and common mode failure double contingencies in excess of the B-Rating.

Congestion Assessment

The following principles, outlined below, were used for interconnecting generation into the
SCE transmission system, which fall under CALSO jurisdiction (these principles may be
subject to change for future interconnection projects).

» Congestion management, as a means o mitigate base case overloads, can be used

if it is determined to be manageable and the CAISO concurs with the
implementation. '

o Facility upgrades will be required if it is determined that the use of congestion
management is unmanageable as defined in the congestion management section
that follows.

o Special protection schemes (SPS), in lieu of facility upgrades, will be

recommended if the scheme is effective, does not jeopardize system integrity,




|
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does not exceed the current CAISO single and double contingency tripping
limitations, does not adversely effect existing or proposed special protection
schemes in the area, and can be readily implemented.

e TFacility upgrades will be required if use of protection schemes is determined to be
ineffective, the amount of tripping exceeds the current CAISO single and double
contingency tripping limitations, adverse impacts are identified on existing or
currently proposed special protection schemes, or the scheme cannot be readily
implemented.

« Congestion management in preparation for the next contingency will be required,
with CAISO concurrence, if no facility upgrades or special protection schemes are
implemented.

The following study method was implemented to assess the extent of possible congestion:

a) Under Base Case with all transmission facilities in service, the system was
evaluated with all existing interconnected generation and all generation requests
in the area that have a queue position ahead of this request (pre-project).

b) Under Base Case with all transmission facilities in service, the system was
reevaluated with the inclusion of the AES Highgrove Project (post-project).

If the normal loading limits of facilities are exceeded in (a), the overload is identified as
an existing overload that was triggered by a project in queue ahead of the AES Highgrove
Project. If the normal Joading limits of facilities are exceeded in (b) and were not
exceeded in (a), the overload is identified as triggered by the addition of the AES
Highgrove Project. The AES Highgrove Project, assuming it is a market participant, and
other market participants in the area may be subjected to congestion management,
potential upgrade cost and/or participation of any proposed special protection scheme if
the project addition aggravates or triggers the overload. Additionally, the AES
Highgrove Project may have to participate in mitigation of overloads triggered by
subsequent projects in queue, subject to FERC protocols and policies.

In order for congestion management to be a feasible alternative to system facilities, all of
the following factors need to be satisfied:

e Time requircments for necessary coordination and communication between the
CAISO operators, scheduling operators and SCE operators.

e Distinct Path/Corridor rating should be well defined so monitoring and detecting
congestion and implementing congestion of the contributing generation resources
can be performed when limits are exceeded. ‘




e Sufficient amount of market generation in either side of the congested
path/corridor should be available to eliminate market power.

e Manageable generation in the affected area is necessary so that operators can
implement congestion management if required (i.e. the dispatch schedule is
known and controllable).

The results of these studies should identify:
a. if capacity is available to accommodate the proposed AES Highgrove Project and all
projects ahead in queue without the need for congestion management, special

protection schemes, or facility upgrades

b. if overloads exist in the area after the addition of all projects in queve ahead of the
AES Highgrove Project and all facilities in service

¢. if congestion exists in the area with the addition of the AES Highgrove Project and all
projects ahead in queue under single and double element outage conditions assuming -

no new special protection schemes are in place

d. if sufficient capacity is maintained to accommodate all Must-Run and Regulatory
Must-Take generation resources with all facilities in service

e. if sufficient capacity is maintained to accommodate the total output of any one
generation resource which is not classified as Must-Run.

B. AES Highgrove Project

The AES Highgrove Generation Interconnection project is located at 12700 Taylor Street,
Grand Terrace, CA — 92313; near Highgrove Substation. The Project is proposed to be
connected radially to the Highgrove 115 kV bus. Appendix A displays the proposed AES
Highgrove interconnection project in the form of a one line diagram, submitted by the AES
Corporation as part of the CAISO Generation Interconnection Application package.

The AES Corporation proposes to add a net total of 323.57 MW of generation interconnected
at the Highgrove 115kV bus. A total of three gas turbine generators will produce a rated
output put of 108.19 MW each. The generator auxiliary load is specified at 1 MW. The
generator and transformer data for the proposed generating turbines, as provided by the AES
Corporation, is shown in Appendix C.

C. Svstem Conditions

To simulate the SCE transmission system for analysis, the study selected the databases that
were used to conduct the CAISO Controlled Transmission 2004-2008 Assessment. Load
flow studies considered the existing system arrangement without the SDGE proposed
Rainbow-Valley 500 kV transmission project and to reflect other transmission projects.




For example:
e Palo Verde — Devers 500 kV Line #2 was in service.
e All four West of Devers 230 kV Lines have been upgraded.
e The Etiwanda — San Bernardino 230 kV line #1 rating will be increased to
2480 Amps / 988 MVA after the current wave trap removal project is completed.

The bulk power study considered scenarios that evaluated maximum EOR/WOR imports and
maximum generation from Qualified Facilities in the eastern area. These conditions were
evaluated to identify worst case scenarios that would stress the SCE 500-kV transmission
system network in the eastern area. In addition, the study considered two system load
conditions: 2007 heavy summer and light spring. The summer peak load forecast was based
on SCE’s 2004 Transmission Substation Transformer Capacity Assessment, and reflects a
one-in-ten-year heat wave assumption. The 2004 — 2008 heavy summer load forecast is
shown in Table 2.2. The 2004 - 2008 spring forecast assumed 65% of summer load forecast.

D. Power Flow Study

Power flow studies were conducted under 2007 heavy summer and 2007 spring load
conditions with and without the AES Highgrove Project for a total of 4 base cases. Further
descriptions of the base case assumptions are as follows:

a) 2007 Heavy Summer: Case 1 without the AES Highgrove Project and Case 2 with
maximum generation in SCE’s eastern arca electrical system and maximum
EOR/WOR power flow. Generation included: all market and all regulatory must-take
units. Generation patterns were maximized in the eastern area to fully stress the
system in order to identify extent of potential congestion on the bulk power system
with the addition of the AES Highgrove Project.

b) 2007 Spring: Case 3 without the AES Highgrove Project Case 4 with 2007 spring
load (65% of summer peak for the total system) was used with maximum generation
in SCE’s eastern area and maximum EOR/WOR power flow. Generation included: all
market and all regulatory must-take units. Generation patterns were maximized in the
eastern area to fully stress the system in order to jdentify the extent of potential
congestion on the bulk power sysiem with the addition of the AES Highgrove Project.

With the addition of the AES Highgrove Project, SCE’s area total generation, imports, loads,
and losses for each case are summarized in table below:

Generation

Imports
Load 22690 14154 14154
Losses 507 519 529

Table 2.2




Simulations

TFor each of the four cases, load flow simulations of the bulk power system were conducted
for the base case, single contingencies and double contingencies for lines and 500-230 kV
transformer banks to determine impacts to the SCE system. A total of 177 single and 136
double contingencies in the SCE system were studied with system performance monitored
for criteria violations on the SCE 500-kV and 230-kV systems.

E. Short Circuit Duty

The data provided by the AES Corporation has impacted 17 substations with increases in the
short circuit duty. These impacts require further study to determine the need for circuit
breaker upgrades.




POWER FLOW STUDY RESULTS

A. 2007 Spring Results
The power flow study identified base case, N-1 and N-2 overloads in the 2007 spring case.

All percentages in the following results are expressed as percent loading of nominal value
unless stated otherwise.

Base Case

There was one spring base case overloads triggered by projects ahead in queue. The addition
of the AES Highgrove Project caused an insignificant overload. See Appendix B, Table 1 for

detailed results.

The addition of the AES Highgrove Project caused the Devers — Valley 500 kV circuit to be

overloaded from 113% to 114%; the difference being 1% is therefore deemed insignificant.

Light Spring Single Contingencies (N-1)

With the addition of the AES Highgrove Project, the power flow study identified seven

transmission lines with N-1 overloads during spring conditions. See Appendix B, Table 2 for

detailed results,

Two of these overloads (the Etiwanda-Vista 230-kV and Mira Loma-Walnut 230-kV lines)
are limited by existing 2000 A wave traps at Vista and Walnut substations. Upgrade of both
of these 2000A wave traps to 3000A will be sufficient to mitigate spring N-1 overloads on
these lines. The conductor on the terminations at Barre & Lewis substations is the limiting
factor on the Barre — Lewis 230 kV line. Upgrading these terminations from 3000A to
4000A will mitigate the N-1 overloads on the Barre - Lewis 230 kV line. The Mira Loma —
Vista 230 kV line #1 is also overloaded due to the conductor and terminations at Vista
substation. Upgrading these will mitigate the N-1 overloads.

The Devers — Vailey 500 kV line is also overloaded to 117% of its nominal rating. The
Jimiting factors are the wave traps at both Devers & Valley Substations and the GIS
termination equipment at Valley substation. Upgrading the wave traps & GIS termination
equipment from 3000A to 4000A will mitigate the N-1 overloads.




Light Spring Double Contingencies (N-2)

With the addition of the AES Highgrove Project, the pow_ef flow study identified five
transmission lines with N-2 overloads during spring conditions. See Appendix B, Table 3 for
detailed results.

Two of these overloads (the Devers-Valley 500-kV line and Serrano — Valley 500 kV line)
will be mitigated by upgrades of the wave traps at both Devers & Valley Substations on the
Devers-Valley 500-kV line. Also The GIS termination equipment at Valley substation is
required to be upgraded from 3000A 1o 4000A on the Serrano and Devers positions.

The San Bernardino Vista 230 kV line is overloaded to 175% of its nominal rating. It will
need 1o be re-conductored to mitigate the N-2 overloads.

- The Etiwanda — Vista 230 kV line is limited by the wave trap & terminations at Etiwanda

Substation. Upgrading these from 2000A to 3000A will mitigate the N-2 contingency
overloads.

Also, the Mira Loma — Vista 230 kV line #1 is limited by the line drop at Vista substation.
Upgrading the line drop from 23 00A to 3000A will mitigate the N-2 overloads on this line:..

. 2007 Summer Results

Base Case

There were no significant changes to the base case with the addition of the AES Highgrove
project. .

Heavy Summer Single Contingencies (N-1)

With the addition of the AES Highgrove Project, the study identified only one transmission
lines with N-1 contingency overloads during summer conditions. See Appendix B, Table 4
for detailed results. '

The Devers — Valley 500 kV line is overloaded to 102% of its nominal rating. The limiting
factors are the wave traps at both Devers & Valley Substations and the GIS termination
equipment at Valley substation. Upgrading the wave traps & GIS termination equipment
from 3000A to 4000A will mitigate the N-1 and N-2 overloads. See the Spring Results
section above for details




Heavy Summer Double Contingencies {N-2)

With the addition of the AES Highgrove Project, the study identified only one transmission
lines with N-2 contingency overloads during summer conditions. See Appendix B, Table 5
for detailed results.

The Devers — Valley 500 kV line is overloaded to 108% of its nominal rating. The limiting
factors are the wave traps at both Devers & Valley Substations and the GIS termination
equipment at Valley substation. Upgrading the wave traps & GIS termination equipment
from 3000A to 4000A will mitigate the N-1 and N-2 overloads. See the Spring Results
section above for details

Note:

Additional overloads were identified on the disconnect switches and circuit breakers. However,
these overloads will be addressed through Edison’s internal Substation Equipment Replacement
Program (SERP)




TRANSIENT AND POST TRANSIENT VOLTAGE STUDY RESULTS

There were no transient stability and post-transient voltage violations found with the addition of
the AES Highgrove Project.
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SHORT CURCUIT DUTY STUDY RESULTS

Short Circuit Duty Study

The results of the maximum symmetrical three-phase short circuit duty at the critical buses in the
SCE bulk transmission system are summarized in table 3.6 (the short circuit duty sheet).

The additional 323.57 MW AES Highgrove Project has increased the short circuit duty at the
substation facilities listed below for future review. However, study results may change due to
other projects ahead of the queue in the area. A new study may be required when those projects
are revised.

Three Phase (3PH) Short Circuit Duty Study Results

Short Circuit Duty Sheet

i PREIGASE POSTGCASH OVE

BusiName iisBusHeVi xR XIR 4
DEVERS 500 18.5 24 16.6 241 0.1
LUGO 500 21.7 43.9 217 A4.1 0.2
MIRALOMA 500 244 334 24.8 336 0.2
SERRANO 500 24.3 29.9 24.3 30 0.1
BARRE 230 18.7 49.3 18.7 49.4 0.1
CHINO 230 17.1 479 17 482 0.3
DELAMO 230 18 41.1 16 41.2 01
DEVERS 230 21.2 449 21.1 451 0.2
ETIWANDA 230 258 571 25.9 YN 0.6
HUNTBCHB 230 14.8 30.1 14.7 30.2 0.1
LA FRESA 230 26.5 46.3 26.5 46.4 0.1
LUGO 230 30.8 36.7 30.8 36.8 0.1
MRLOMA E 230 23.2 50.4 23.2 80 0.6
MRLOMA W 230 20.3 50.2 20.3 50.6 0.4
OLINDA 230 13.9 271 13.9 27.2 0.1
PADUA 230 15.3 20.6 15.3 207 0.1
S.0NOFRE 230 26.2 48.8 26.2 48.9 0.1
SANBRDNO 230 21 396 21 40.1 0.5
SERRANO 230 24.4 527 24.4 52.9 0.2
VILLA PK 230 21.8 46.2 21.8 46,3 0.1
VISTA 230 18.1 48 19.9 50 2
ALTWIND 115 10.6 12.9 10.6 13 0.1

Table 3.6

Notes:

= No Equivalencing was made of the Vista Sub-transmission system.
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CONCLUSIONS

A. Power Flow Study Conclusions

Load flow studies were conducted under 2007 heavy summer and 2007 light spring load
conditions with and without the AES Highgrove Project for a total of 4 cases.

Palo Verde — Devers 500 kV Line #2 was assumed to be in service and all four West of
Devers 230 kV Lines were assumed had been upgraded.
Base case

No base case overload problems were found under the light spring and heavy summer
conditions with the addition of the AES Highgrove Project.

N-l

Under spring conditions, the project overloaded the Devers — Valley 500 kV line to 117%
and the Btiwanda — Vista 230 kV line to 107%. The Etiwanda — San Bernardino 230 kV, .

Mira Loma — Walnut 230 kV and Mira Loma — Vista 230 kV lines were overloaded to 140%,
110% and 124% respectively. Also, the Barre — Lewis 230 kV line was overloaded to 124%.

Under summer conditions the Devers — Valley 500 kV line was overloaded to 104%.
N2

Under spring conditions, the project overloaded the Devers — Valley and Serrano — Valley

500 KV lines to 129% and 101% respectively. The Etiwanda — Vista, Mira Loma — Vista and

San Bernardino — Vista 230 kV lines were averloaded to 150%, 137% and 175%
respectively. Under heavy summer conditions, the Devers — Valley 500 kV line was
overloaded to 108%.

B. Transient Stability and Post Transient Voltage Study Conclusions

There were no transient stability and post-transient voltage violations found with the addition

of the AES Highgrove Project.

C. Short Circuit Duty Study Conclusions

The additional 323.57 MW AES Highgrove Project has increased the short circuit duty at the

substation facilities listed below for further review. However, study results may change due
to other projects ahead of the queue in the area. A new study may be required when those
projects are revised.
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Single Contingencies

Mi}a Loma -Vista

Affected Substations:

A total of 17 substations have been affected with increases in short circuit duty. Refer to table
3.6 — Short Circuit Duty Sheet for details. -

The Lines & elements overloaded from contingenci

are listed below.

T

Table 4

es and MW required to be tripped / curtailed

108.16 MW
230kV ck2 230 kV ck!
Mira Loma -Olinda Mira Loma — Walnut 323 .57 MW
230kV ck2 230 kV ¢kl
FEtiwanda — San Bernardino Etiwanda-Vista 108.19 MW
230 kV ckl 230 kV ckl
Etiwanda-Vista 108.19 MW
Mira Loma -Vista 230 kv ckl
230KV ckl Devers-Valley 32357 MW
500 kV ckl
Barre — Villa Park Barre — Lewis 323.57 MW
230 kV ckl 230 kV ckl
Mira Loma — Serrano Devers-Valley 323.57 MW
500 KV ckl 500 kV ckl
Etiwanda-San Bernardino 323.57 MW
230 kV ¢kl
Serrano — Valley Mira Loma — Vista 323.57 MW
500 kV ckl 230 kV ¢kl
Etiwanda-Vista 108.19 MW
230 kV ckl
Ftiwanda-San Bernardino 323.57 MW
230 kV ckl
Devers — Valley Mira Loma — Vista 32357 MW
500 KV ckl 230 kV ckl
Etiwanda-Vista 108.19 MW
230 kV ckl
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D encies - -

uble Conn

Chino - Serrano

Table 4 contd.

230 kV ekl & 500 kV ckl

Mira Loma - Olinda

230,V ekl

Ftiwanda — San Bernardino 230 kV | Etiwanda - Vista 323.57 MW

ckl & 230 kV ckl

Mira Loma - Vista 230 kV ckl Devers-Valley 32357 MW
500 kV ckl

Etiwanda — San Bernardino 230 kV | Etiwanda - Vista 323.57 MW

ckl & 230 kV ckl

| Mira Loma - Vista 230 kV cl2 Devers-Valley 323.57 MW

500 kV ckl
Mira Loma - Vista 32357 MW
230 kV ckl

Etiwanda - San Bernardino Devers-Valley 323.57 MW

230kV ckl & 500 kV ckl

Etiwanda — Vista Mira Loma - Vista 323.57 MW

230 kV ckl 230 kV ckl

Devers - San Bemardino Devers-Valley 323.57 MW

230kV ck2 & 500 kV ckl

Etiwanda - San Bernardino

230 kV ckl

Devers — Vista San Bernardino — Vista 323.57 MW

230kvVek2 & 230 kV ck2

Vista— Devers Serrano — Valley 108.19 MW

230 kv ckl 500 kV ckl
Devers-Valley 323.57 MW
500 kV ckl

Efiwanda — San Bernardino 230 kV | Devers-Valley 323.57 MW

ckl & 500 kV ckl

Lugo — Serrano

500 kV ¢kl

Etiwanda — San Bemardino 230 kV Devers-Valley 323.57 MW

ckl & 500 kV ckl

Lugo — Mira Loma

500 kV ckl

Devers-Valley Etiwanda-Vista 108.19 MW

500 kV ckl 230V ckl

Devers 500/ 230 kV

Bank #1

Mira Loma - Vista Devers-Valley 323.57T MW

230kV ckl & 500 kV ckl

Mira Loma - Vista

230 kV ck2
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SCOPE OF WORK FOR FACILITIES STUDY

The scope of upgrades to accommodate the generation interconnection on the SCE network is
listed below. This study has not assumed overload mitigation requirements for projects ahead of
the queue.

Upgrades of the 3000A wave traps and line terminals at Valley Substation 4000A. on the

Devers — Valley 500 kV line.

Upgrades of line terminals at Serrano & Valley substations on the Serrano - Valley 500

kV line. ‘

Upgrades of line terminals at Vista and San Bernardino substations on the Vista — San

Bernardino 230 kV line from 2300A to 3000A (or greater) line terminals.

Upgrades of line terminals at Vista Substation on the Etiwanda and Mira Loma #1 230

kV lines

Upgrade of line terminals at Barre & Lewis Substations on the Barre — Lewis 230 kV

line.

Upgrade the wave traps at Etiwanda Substation on the Vista 230 kV line.

Upgrade the wave traps at Walnut Substation on the Mira Loma 230 kV line.

Replacement of transmission line conductors on the San Bernardino — Vista 230 KV line.
o Note: The San Bernardino — Vista 230 kV line conductors are overloaded over its

N-2 rating.

The following items 1 —4 also need to be evaluated for replacement or upgrade in the Facilities

Study.

1. Breakers & Disconnects at Devers Substation on the Valley 500 kV line.

7. Breakers & Disconnects at Etiwanda Substation on the Vista 230 kV line.

3. Breakers at Mira Loma & Vista Substations on the Mira Loma - Vista 230 kV line.
4. Breakers & Disconnects at Walnut Substation on the Mira Loma 230 kV line.

Note:
Study results may change due to other projects ahead of the queue in the area. A new study
may be required if projects ahead of the queue are changed.
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TABLE 1
Cqs_e _ Over'i

APPENDIX B
POWER FLOW RESULTS

iy

Y

P

SAmMp
3381 (11

0 Ercs
3%) 341

4 (114%)

T 33(1%)

TABLE 2
Single Conti

SINISEI0]

ndition

LR i1

nps:t

THps
1790 (90%)

mpsi(:#
2056 (103%)

266 (13%) |

Mira Loma -Vista 230 kV ckl
230 kV ck2 Devers-Valley 3000 3438 (115%) | 3480 (116%) 42 (1%)
500 kV ckl
Mira Loma -Olinda | Mira Loma— Walnut 2000 2083 (104%) | 2206 (110%) 123 (6%)
230kvek2  1230kVckl
Etiwanda — San Bernardino | Etiwanda-Vista 2000 1889 (94%) | 2110 (106%) | 221 (12%)
230 kV ckl 230 kV ckl
Etiwanda-Vista 2000 1855 (93%) | 2119(106%) | 264 (13%)
Mira [.oma -Vista 230 kV ckl
230 kV ¢kl Devers-Valley 3000 3468 (116%) | 3514 (117%) 46 (1%)
300 kV ckl
Barre — Villa Park Barre — Lewis 3000 3314 (110%) | 3706 (124%) | 392 (11%)
230 kV ¢kl 230 kV ckl
Etiwanda-San Bernardino 1800 2421 (135%) | 2511 (140%) 90 (5%)
230 KV ckl
Serranc — Valley Mira Loma — Vista 2300 2618 (114%) | 2852 (124%) 234 (9%)
500 kV ckl 230 kV ckl
Etiwanda-Vista 2000 1933 (97%) | 2135(107%) | 202 (10%)
230 IV ¢kl
Devers — Valley Rtiwanda-San Bernardino 1800 2421 (135%) | 2511 (140%) 90 (5%)
500 kV ckl 230 kV ckl
Mira Loma — Vista 2300 2618 {114%) | 2852 (124%) 234 (9%)
230 kV ckl
Etiwanda-Vista 2000 1933 (97%) | 2135(107%) | 202 (10%)
230 kV ckl
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TABLE 3

Double Contm ency Overloads

I e TN RGN gﬁim

%ﬂ‘e”hﬁiﬁﬁ%ﬁf

i

enient
i ‘43?%%: i

—Spring Condition.

‘ Chmo ~— Serrano

,,,,,,,,,

" 204 (10%) |

Devers-Valley 3000 3153 (105%) | 3447 (115%)
230kV ckl & 500 kV ckl
Mira Loma - Olinda
230 kV ¢kl
Etiwanda — San Bernardino | Etiwanda - Vista 2000 2696 (135%) | 3010 (150%) 314 (15%)
230kV ckl & 230 kV ckl
Mira Loma - Vista 230 kV | Devers-Valley 3000 3610 (120%) 3665 (122%) 35 (2%)
ckl 500 kV ¢kl
Etiwanda — San Bemardino | Etiwanda - Vista 2000 2694 (135%) 3011 (150%) 317 (15%)
2301V ckl & 230 kV ckl
Mira Loma - Vista 230kV | Devers-Valley 3000 3580 (119%) | 3630 (121%) 50 (2%)
ck2 500 kV ckl
Mira Loma - Vista 2300 2861 (124%) | 3176 (138%) 315 (14%)
230 kV ckl
Etiwanda - San Bernardino | Devers-Valley 3000 3588 (120%) | 3638 (121%) 50 (2%)
230kV ckl & 500 KV ckl :
Etiwanda — Vista Mira Loma - Vista 2300 2837 (123%) | 3149 (137%) 312 (14%)
230V ckl 230 kV ¢kl
Dovers - San Bernardino | Devers-Valley 3000 3575 (119%) | 3638 (121%) © 63 (2%)
230kV ck2 & 500 kV ckl
Etiwanda - San Bernardino
230 kV ckl
Devers — Vista San Bernardino — Vista 2300 3749 (163%) | 4020 (175%) 541 (12%)
230kVek2 & 230 &V ck2
Vista— Devers Serrano — Valley 3000 2685 (90%) 3017(101%) 332 (11%)
230 kv ckl 500 kV ckl
Devers-Valley 3000 3519 (117%) | 3870(129%) 351 (12%)
500 kV ckl
Etiwanda — San Bernardino | Devers-Valley 3000 3483 (116%) | 3523 (118%) 40 (2%)
230kV ekl & 500 kV-ckl
Lugo — Serrano
500 kv ckl
Devers-Valley Etiwanda-Vista 2000 1921 (96%) 2201 (110%) 280 (14%)
500 kV ckl 230 KV ckl
Devers 500 /230 kV
Bank #1
TABLE 4

Smg:’e Contingency Overloads —

Summer Conditio

Overload
- Transmission:Kiem AP SHAT Ampsi(

Mira Loma —Vlsta Devers — Valley 3000 3066 (102%) | 3117 (104%) 51 (2%)
230 kV ckl 500 kV ckl

Mira Loma -Vista Devers — Valley 3000 3033 (102%) | 3078 (104%) 45 (2%)
230 kV ck2 500 kV ckl

Mira Loma —Serranc Devers — Valley 3000 3036 (101%) | 3081 (103%) 45 (2%)
500 kV ckl 500 kV ckl

Efiwanda — Mira .oma | Devers — Valley 3000 3021 (100%) | 3066 (102%) 45 (2%)

230 kV ckl 500 kV ckl




TABLE 5

Doubie -Contin
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3237 (108%)

Devcrs-Vallcy 72 (2%)
230 kV ckl & 500 kV ckl
Mira Loma - Vista
230 kV ck2
Etiwanda — San Bernardino | Devers-Valley 3000 3144 (105%) | 3198 (107%) 54 (2%)
230 kV okl & 500 kV ckl
Mira Loma - Vista 230 kV
ckl :
Etiwanda — San Bemardino | Devers-Valley 3000 3111 (104%) | 3162 (106%) 51 (2%)
230 KV ckl & 500 kV ckl
Mira Loma - Vista 230 kV
ck2
Ftiwanda - San Bernardino | Devers-Valley 3000 3105 (103%) 3153 (105%) 48 (2%)
230 kV ckl & 500 kV ckl
Etiwanda — Vista
230 kV ckl
Etiwanda — San Bernardino | Devers-Valley 3000 3087 (103%) | 3123 (105%) 48 (2%)
230 kV.ckl & 500kV ckl
Lugo - Mira Loma
230 kV ck3
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APPENDIX C
GOOD FAITH COST ESTIMATE

All items include 18% A&G but no ITCC Tax.

1) Upgrade of wave trap at Valley Substation on the Devers 500 kV line.
Replacement of 500 kV Wave Trap: $90,000

2) Upgrade of line drops at Vista & San Bernardino substations.
Replacement of 230 kV line drops: $120,000 (560,000 each).

3) Upgrade of line drops at Barre & Lewis substations.
Replacement of 230 kV line drops: $120,000 ($60,000 each).

4) Upgrade of wave trap at Etiwanda Substation on the Vista 230 kV line.
Replacement of 230 kV Wave Trap: $80,000

5) Upgrade of wave trap at Walnut Substation.on the Mira Loma 230 kV line. .
Replacement of 230 kV Wave Trap: $80,000

TOTAL : $490,000

Note:

Per the transmission assessment of the AES Highgrove study, it is not possible to estimate the
GIS equipment upgrades and line reconductoring at this time. However, the GIS equipment
upgrades will be addressed in the facilities study. '
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BRUSH ELECTRICAL MACHINES LTD

BRU

BEM Ltd,—

_ — BRUSH
P O Box 1B, Falcon Works, Loughborough, Leics. LE11 1HJ, England
Telsphanes +44 {1 1508 §11511 Telefan: +44 (0} 1509 B12345 Eemail: Salps@bem.fi-sbeom
1 RATING DETAILS
14  Framesize BDAX 98-330ER -
42  Teminelvoltage 13.80 kv
1.3 Frequency €0 Hz
1.4  Speed 3600 revimin
1.8 Power factor 0,850
1.6  Raled stator [ne current 5326 Amps
1.7 Applicabls national standard - ANS1 £50.14
18  Rated alrinlet temperaturs 160 °C
48 Rated ouiput with air flow of 28.7 m®/sec 108.180 MW, 127.282.MVA

2 PERFORMANCE CURVES {revision in aceordance with test)

o4 OQuiputvs,air nlet temperature with alr flow of 28.7 mPises
02  Capabiity diagram with air flow of 28.7 m’lsec
03  Efficiency vs. outpul with air flow of 28.7 n*/sec
54  Openand Short gircislt curves
o5  Permited duration of negative sequence current
28 Degrement curve for a 3 phase short gircuit from full load
27 Generator Voltageffrequency capabifity '
2.8 (enerator VY-Curves
09  Exciter Open and Load characteristic
{high exciter field resistance sefection)
240  Exclter Open and Load characteristic
(low exciter field resistance selection)
p11  Stator winding carth faul current versus ime
240 Permissible Short fime stator current
© ovetlbad of genetator
213  Estimated PMG regulation charectesistic
{high voltage PMG selection)
544  Estimated PMG regulation characteristic

The glectrical deteils provided ara calculated vaiues.
Unless otherwise staist), &l values are supjecite |
tolarances &5 given in the valpvant natlonal standards.
“Phe roter ineriia valug may vary slighfly with
generator/turising interiRce. 1n the event of conflict, the
figure uated on the rolor geometry drawing takes
prececence. . ’

Date: 8 Saptember, 2004
Page: 1of6

H.E.P. 19906
H.EP. 18907
H.E.F. 19908
H.E.P. 18951
HE.P. 2859

H.E.F. 19871
H.E.P. 4727

H.E.P. 203782

H.E.P. 20378

HEP. N/A
H.E.P. 20375

HE.P, 5987

H.E.P. 20412

Doc: Data Sheet - DAXDB-330 - 12,8/60/ 7 Deg fan
Ref: 071199M5(INTY1H3.8/50 /7 Deg ~Rev7

@ — e e




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

BDAX 88-330ER, 108,180 MW, 0.850 pf, 13.80 KV, 60 Hz

{low voitage PMG select}on)

The glectrizal detals provided are galculated valuss.
Unless otherwise steled, all values are sublectto
solerances as ghten Tn the relevant netional standards.
The rotor Inerlis velle may vary shghtly with
genetator/furbine inteiace, In the event of confilct, the
figure guoted on the retet geometry drawing tales
precedence,

H.E.P. 20411

Do Data Shest - DAXEB-330 13.8/8D/ 7 Degfan

Ref: 01198/1B(NTY/13.877 Deg Rev 7
Dute: 8 September, 2004
Fage: 2 of B




BRUSH ELECTRICAL MACHINES LTD

ELEGTRICAL DATA SHEET - CONTINUATION

. REAGTANCE AND SEQUENCE RESISTANCES

A) Direct Axis Reactances: (revision In accordance with test)

34  Satuwated synchronous reactance, K awy / Short cireuit ratio 166.5 % /0.843
32  Unsaturgted syhnhronom reactance, X ap 165.2 %

3.3 Saturated transient reactance, X' aw 18.55 % 215 %
34  Unsaturated ransient reactance, X' ap 21.19 %

35  Saturated sub transient reactance, X aw 12.08 % £15%
38  Unsaturated sub transient resctance, X' ap _ 15,82 %

3.7 Saturated negative sequence reaciance, Xaw ) 3.2 %

58  Unsaturated negative sequence reactance, Xem 15.48 %

3.9  Saturaled zero sequence reactance, X ow 785 %

310 Unsaturated zero sequence reactance, X op . 785 %

341 - Potigfreactance, Xp” ~ T S Co -21.58-% -

549 Saturated stator leakage, Xsig 053 %

313  Unsaturated stator leakage, Xen . 11.21 % '

B) Quadrature Axis Reactances:

244 Salurated synchronous reactance, X qft) - 134.6 %
215 Unsaturated synchronoils reactance, Xam 158 %
316  Saturated transient reactance, X' qu 248 %
347 Ursaturated transient reactance, X' oty 282 %
3.18  Sawrated sub fransient reactance, X' 3y - 115 %
519 Unsaturated sub Translent reactance, X' qp 185 %

G} Sequence resistances: (revision in aceordance with test)

300 Puositive sequence resistance, R4 4 D.00259 p.u at 75 °C
301 Negative sequence resistance, Rz 0.00978 p.uat 75 °C
322  7Zero sequence resistance, Ro 1.00100 puat 756 °C
.4 RESISTANGES (revision in accorda nce with test)
A1 Rotorresistance 0.2225 Ohms at20 °C
Tha electrical detgils provided are caloulated values. S Doo: Daka Sheet- DAX98-330 - 1 B‘.E(GO 17 Deg fan

Unless ctherwise stated, all values are subjectlo

{olerances as given In the televant national skandsards, Ref: D1109MB(INT/S.8/T Deg -Rev7?
The rotor ingrifa value may vary slightly with Date; & September, 2004

generatoriurbine Infettace, In the event of conflict, the Page: 5 of B

figure quotsd on fhe retar gecmetry drawing fakes :

precedence,




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

BDAX 98-330ER, 108.190 MW. 0.850_pf, 13.80 kY. 60 Hz

42  Roforresistance
43  Stator resistance per phase
A4  Sfator resistance per phase

0.2023 Ohmsat 10D °C |
0.00085 Ohms at20 °C
0.00111 Ohms at 100 °C

& TIME CONSTANTS AT 20°C
A} Direst Axis: (revision In agcordance with teat)
6.1 Trenslent ©.C. time constant, Tao 10.6 secohds
52 Translent S.C. ime constant, 3 ph, T'es 0,83 seconds
6.3 Trensient S.C. fime constant, L, T4z 2.1 seconds
54 Translent 8.C. time constant, L-N, T'» 2.5 ssconds
55  Subtransient O.C. ime constant, T'a 0.04 seconds
5.8 Subfransient 8.C. time constant, 3 phy T'm 0.03 seconds
5.7 Subtranslent S.C. thme constant, L, T'e .. 0.037 seconds
© 5g”  SibiaAsent .G tife constant LN, Tat 0:038 “seconds: "
. B} .Quadrature Axis:
5.9 . Transient O.C. ime constant, T'e 2.8 seconds
510 Transient S.C. ime constant, 3 ph, T 0.7 seconds
541 Transient S.C. ime constant, L, Taz 0.85 seconds
512 Transient S.C. ime gonstant, L-N, T'y 1.05 seconds
543  Sustrenstent O.C. time constant, T' 0.042 seconds
514 Subtranslent S.C. time constant, 3 ph, T's 0.018 seconds
545 Subiransient 8.C. time sonstant, L=k, ™'g 0.027 seconds
545  Subtransient 8.C. ime gonstant, L-N, T"q 0.020 seconds
C) Miscellansous: (revision in accordance with test)

517 D.C. Armature time constant, 3 ph, Tas 0.74 seconds
518 D.C. Amature fime constant, L-L, Taz 0.74 seconds
546  D.C. Armature fime tonstant, L-N, Ta 0.51 seconds

5, INERTIA {revision In accordance with test)
84  Momentofinertia, WR® (See note 2) ' 3813 kg.m?

—he slactical details provided are calculated values, Doo: Data Shest - DAXSE-230 - 13.8/60 (7 Dag fan

Unless ctherwise steted, all values are subjectio .
felerances as given in the refevant natlonal standards. Ref, 01198/5(INTY1/13.8/ 7 Deg -Rev 7

The rotor Inerlia value may vary slightly with

generzlor/turkine Interfzoe. It fve event of confiict, ihe Pape: 4 of 6
Fqure quoted on the folor geometry drawing takes
precedenCR,

Date: 8 September, 2004




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

BDAX 9B-330ER, 108.100 MW, 0,850 of, 13,80 kV, 60 Hz

82, Ineriaconstant, H ) 2,129 kW.seos/KVA
7. GCAPACITANCE AND SURGE IMPEDANCE (ravision in accordance with est)
7.1 Capacitance per phase of stator winding fo earth 047 microFarad
72  Surge impedance per phase . 32 Ohms
5., EXCITATIO
Ay Noload {cold): {revision in accordance with test)
84  Exuilztion current at no load, rated voliage . 370 AMps
g2 Excitation voltage at no load, rated voltage B2 Volis
83  Exciterfield currentat no load (high seslstance seloction) 2.84 Amps '
: Exchier field current at no load {(low resistanca sglection) | N/A Amps
g4  -Exciter fisld voliage at no;load (high resistance selection). - - -2%.83 Moltsx .
Exaiter field voltage at no load {low resistance selection) N/A Volis:
B) Rated load (hot); {revision in accordance with test) '
85  Excitation current at rated load and P.F. 862 Amps
.86  Excitation volfage at rated load and PF. : 252 Volis
g7  Exciterfield current at rated load and P.F. (nigh resist, selection) . 7.95 Amps
Exaiter field current at rated load and P.F. {low resist. selection) /A Amps
8.8 Exciter field voltage at rated load and P.F. (high resist. selechion) 80 Volts
Exclier field voltage at rated 1oad and P.F. {low resist. selection) ~ N/AVolts
c) Short circuit slearance of 2.2 p.u rafed line amps (hot): (revision in aecordance with test)
8.2 . Excitation ourrent on claarance : 1263 Amps for 10 set
810 Excitation voltage on clearance 360 Velts
841  Excierfield currenton clearance (high resistance selection) 11.65 Amps
Exoiter fizld current on clearence {low resistance selection) N/A  Amps
512  BExoiter field voltage on clearance (high resistance selection) 118 Volts
Exciter field volisge on clearance {low resistance selection) N/A Volts
8. INHERENT VOLTAGE REGULATION (revision in accordance with test)
g4  FitoNL rated P.F. constant excitation 42 %
The slectrisal details provided are calculated values. Doc: Data Sheek - DAX88-330 - 13.8/60 {Thegfan .

Unless othenwise staked, all values are subject 1o
tolerances as given In the relevant national standards. Ref: 01108/15(INT)1113.8/7 Deg Rev 7

The totor inertla value may vary slighfly with Date: 8 Septernber, 2004

geperatorinbine Interface. in the avent of etinflict, the Page: 5of B
figure quated on the rotor geometry drawing takes
precedence.




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

 BDAX 98-330ER, 108.180 VI, 0.850 pf, 13.80 KV, 60 Hz

9.2 . F.LlioNLuniyP.F., constant excitation 32 %

03 . F.LioN.Lsteady state under full AVR conirol 05 %
"
The eleclicsl detalls provited are caloulated values. Poc: Data Sheet- DAXB8-330 - 13,8/60 / 7 Deg fan

Uniess otherwise stated, al vajues are gubjectto
tplerances as giveh inthe 1elgvant netions) standards. Ref: D118GM5(INTH/438/7 Deg “RevT

The rotor ingrtia vallse may vary slightly with Dats: § September, 2004
generatorftusbine intarface, n the event &F conflict, the Pagd: 5of 6

. figura guoted on the rotor geormetry drawing bakes .

pracedence.




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

BDAX 98-330ER, 108,180 MY, 0.850 pf, 12.80 KV, 80 Hz

10, . EXCIIER

4p4  Exciter frame size ' HA 41242216
102 Voltagerating v 256 Voits D.C
103 Currentrating . 934 Amps D.C
{4 Oupdt . . 289 KW -
10,5  Fraguency. 180 Hz
106 AG voltage at full foad 200 Voits RMS
07 AC current at full foad 715 Amps RMS
108 Power factor 0.57

409 Number of phases 3
1040 Exciefion System Voltage Response Time : 0.3 secs™

1.  ROTATING RECTIFIER

S99 “Numberofdiodes T SR V1

442  Amangement 2 ph full wawe bridge: & arms; 2 diodes In series.
443  Dlode Repetitive peak reverse voltage ) 3800 Volits '
4.4  Diocte rated mean forward current _ 1820 Amps

415  Diode mean forward current at vated load 335 Amps

445 Diode reverse voliags at rated load 276 Volts

12. PERMANENT MAGNET PILOT EXCITER (revision in accordance with test) ©

424 Pliot exciter frame slze X 422260/16
jo.2  Open scirouf volts (high voltage PMG selection) N/A Volts
Open circuit volts {low voltage PMG selection) _ 278 Volis
123  Shor circult cutrent (high voltage PMG selection) - N/A Amps
' Short circuit current {iow voltage PMG selection) 110 Amps
424  Fulllead voltage (high voitage PMG selectlon) . N/A Volts
Full Ioad voltage {low voitage PMG selection) 250 Volts
42,5 Full load curreni(high vollage PM@ selection) NIA Amps
Full load current(low voitage PMG selection) 24 Amps
12.6 ‘Power factor ' —
197  Rated frequency 480 Hz
“The slecirical detalls provided are caloulated vales. Poc: Data Sheet - DAXEB-330~ 13.8/60 /7 Deg fan

Unless othemwise stated, all values are subjectto

splerancee &s given inthe relevant hational standards. Reft 01108M5(INTY/12.8 7 Deg Rev?
“The rotor inertia velue may vary slightty with Date: B September, 2004
genergtor/iurbine Int=riace. In e event of conflict, the page: 7 of b

flgure guotes on fhe Totor geomely drawing akas

precadencs. .




BRUSH ELECTRICAL MACHINES LTD

ELECTRICAL DATA SHEET - CONTINUATION

 BDAX 98-330ER, 108,190 MW, 0,850 pf, 13.80 KV, 60 Hz

12.8  Number of phases . ' 1

The elecirical datalls provided are galculated values, . Do Datr Sheat - DAX38-330 - 13.8/60 /7 Deg fan
Unless otherwlge stated, all values are subject fo

tolerances as given In the relevant pational standards.  Ref: D11 oo/M5(INT) /3.8 / 7 Dag -Rev 7

The fotor inertia vaiue may vary slightly with Date: 8 Septemnber, 2004 :

generaior/turbine interface. In the event of confilct, the Page: Bof B

finure guoted on the Toter geometry drawing takes

precedence,




BRUSH ELEGTRICAL MACHINES LTD
ELECTRICAL DATA SHEET - CONTINUATION

 BDAX 96-330ER, 108.190 MV, 0.850 pf, 13.80 ke, 80 Fiz

43 - MISCELLANEDUS GENERATOR DATA (revision n acoordance with test)

134  XRrato . 176
43,2 Synchronising coefficlent g7 MW/radian
133  Noload synchronlsing power . - 180 MwWiradian
434  Full load synchronising power ' 145 MWiradian
18,5  Damplng torgue coefficlent . ‘ 42 pu.
135  Magnetic centering force foran

axia) displacement of 20 mm : Bo4 kg
43.7  Motoring power ' _ 1402 KW .
438  Saturation factor _ ’ 1.48

The elettrionl details provided are caloulated values. Doo: Data Shest-DAXS8-330-13.8/60 /7 Peg fan
Unless otherwiss stated, 81l values & subject ta :

inlerances as given in the relevant nafional standards. Ref: 0119B/E(INTH4/13.8/7 Deg -Rev 7

“The rotor inertia valtie may vary slightly with Date: B September, 2004

generator/iurbine interfase. In fhe event of conflict. the Pane: 9 of 8

Figurs yuoted on fhe rator geomatry drawing akes

precedance.




Excitafion System Model , Brus

Generator Man sfacture Brush
Generefor Model OBB3RER
. Exclter| HA412422/6

Refarence; |EEE TransacHons en Fower Apparatus and Sysfams
Vol, PAS+]DD, No. 2, Felyupry 1584, Pagte 404509

Reting|
Supply

08 18|MW
I3[0V

Plat Exciter,

b 9B-330ER 60 Hz Generator - Intro Rating

0,85|PF

£0[Hz

{Transfar Function Diagram

Typt AGZ (1924 PapiPr]

:ll;hmn-m:pm»mmmmmu«nxmaydm .
baek Fi Fledd Gimzent

YAt eontrolled Nasio

Genejator | Excifer Parameters

—

e ————————
= e e

16.80] - -vols

EFDMAX

Ve 1 per unit dxeltsr flalll Voltageon girgapiinethot) -
Re Exciter fizld resistance (hof) - . 11,20 ohims
s PMG open sircult AV.R. supply voltage at 100% epecd 360.00| Volis|
Ern 1 p.11, Exgiter output valtage 407.00] . volis
Erpaax Maximum exclter sutput output voltage 257.00 valis
Tk Extiter feid fime constant 0,80 sp¢
e Excitar constant 1.00
Sz Exciler saturation function st 75% celling voltage {26.5 A basc) 0.123
El 71345V 75% cefling voltage 6,671p..
ke Excitar puturation function at 100% calling voltage (26.5 A bass} 1,007
Ex 861,26V 100% celling voltage : 8.891p.1
¥o Demagnetizing factor (function of exciter reactance} 130
K Rectifier loading fastor D.10
| Rotor voliage atfuil Ioad thof) 233.00 volts
I Rotor surrant at full load (hot) B50.00 ampa
Automatic Voltage Regulator Parameters .
|\EEE Pefinition of 1581 Model AG2 |.
Reguiator Type Salem EX2100
Minimum Dasigh Response Ratie 0.3
TA AVR Time Consfant 5,01]
1B Lag Time Constant 1.00
17 l-ead | ime Constant 1.00
TE Exciier Time Constant 146 se
TF Rale Fedbagk Time Gonsfant ¥
TR AVR Input Filer Time Gonsiant 0.01
YA AVR Gein - 1000"
KB Galn_ 1,00}
KE Solif Exictad Field Constant 1.80
KF Rate Featback Galn 0.05*
1KH Exchar Figld Current Compensation 0,00
KL Ewciter Flgld Current Limit Gain e
VLR Exclier Field Gurrent Limit Sefpoint R ]
VAMAX Maximum Intemnal AVR Voltage RTEI]
|VANIN Minimum Internal AVR Voliage s
VRVAX HMaximum Cuput Regulator ] .
VRMIN Winimum Oupitt Regulater ; TR
Voltage at Baiutation Point i PR




.

Eaturation Factor

.

SEMAX
. |EFD L75MAX Voltage At 0,75 of Saturation Point
SE 0,75 MAX Eaturation Facior .
¢ Typlenl Seltings
REV DESCRIPTION. ~ DRAWING ¥
A REVISED PER ECD ) REVISION A
’ SHEET Lof 1
© Coppiight 2004
- G Pacaped Town 10
. AHighisymnnal,
Tolrsimwing s o proaica ooty £ Packaped Pty P and loaned In e condd g Mhor vl oo bt i fr M o £l Bt
il e Tnteil nmmmmmd.mundmumn-u,mni-e---" ‘ Ll o purchiie seler L e elates J Vs drevimge




417 generator rotot volts ut yated veltzge on the gerl. Alr gap Tine, hot o

oit. field resistance (82 V cold raslstensce)
295,6=11.226,5,flad scoording to your formula :

Safuration fucntiony at 265 A @ (11.050,84)19,34=(C-B)/B

Sajuration fucntions at 26.5 A
asturation fuentions at 26,5 A @ [2&5-13.21)113.21=(G—B)}B

Saturafion fusnfions at 286 A




Generator:

Model Name: genton

Description:  Solid rotor generator 1EPres

GE DYNAMIC MODELS

ented by equal mutual indnctance totor

modeling
Parameters:
Name Epcl Variable Description Value )
T°do tpdo T-axis fransient rotor fime 10.6 seconds
' ' - constant _
Tée - |tppdo T-axis sub-transient rotor ime 0.04 seconds
o R ... ..\ constant TR
T*go " {tpgo Q-axis iransient rotor fime 3.8 seconds
. . constant
T"qo ltppge Q-axis sub-transient rotor fime | 0.042 seconds
‘ constant
1B h Tntertia constant sec 2.129 kW _gecs/KVA |
D d Damping factor pu 42 pu.
1d 1d | D- axis synchronous reactance 155.5%
Lg I1q | Q- axis synchronous reactance 134.6%
L’d Ipd - axis transient reactance 18.55%
1Lg lgd Q- axis fransient TeACINCE 24.8%
Ld Inpd D- axis sub-transient teactance 12.08%
| L1 il Stator Leakage reactance, pu 953 %
| Se(1.0) a1 Sopuration factor at 1pu fux 145
1 8e{1.2) 512 Seturation factor af 1.2puflux |
| Re . Stator Resistance, pi 0.00085 ohms /phase
Reomp 1comp Compounding resistance for
: | voltage conirol, pu
Kcomp xeomp Compounding reactance for
o voltage conirol, pu
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Txeiter:

Mode] Name: exacs
Description: IEEE type AC?2 excitation system
Parameters: ‘
Name Eypel Variable Description Value
Tr fr Filier time constant, set 0,01
Th b Time constent, 58C__ 1,00
Tc o Time constant, sec 1.00
Ka ka Voltage regulator gain 1000
Ta i T Time congtant, sec 0.01
Vamax vamax Maximum confrol  element 11.5
. ' oufput, P
Vamin vamin. Winipwmo,  comtrol  element -11.5
: . | ouiput, p.u.
Kb “Ih Faxciter field current controller | 1.00
Vrmex yrmax Moximum  exeiter  control 27.00
) signal, p.. '
Vmin - Vrmin | #fmmmm  exciter  control -27.00
signal, p.L ’ :
Te i€ Hxciter time eonstant, s8¢ 1.16
X1 Id Fxoiter field current limiter 4.00
' _gain, pa.
Kh kh Exciter field cutrent feedback | 0.00
gain, p.a
£ I Rete feedback gain, pa 0.05
Tf tf Rate feedback time constant, 1
sec
Ko ke Rectifier reguiation faotor, pu. | 0.10 '
Kd ed Exciter internal yeaciance, DIk 1.30
Xe ke Bxciter field resistance | 1.00
. constant, pu_ -
Vir vir Wi exciter field current, | 18.30
P
El - el Ticld veltage valus, 1 198
Se (E1) sel Satmation factor at E1 0.00
B2 62 Field voltage value, 2 1,38
| Se (B2) se2 Saturation factor at B2 (.00.

Block Diagram attached.




Power System Stabilizer:

Model Namme: ~ pss2a
Description: Dual joput Power system stabilizer (EEE type PSB24)
Data sheet attached
Turbine- Governor:
- Mode] Name! ieeegl
. Descyiption: _ IBEE steam turbine/governor model (with deadband and nonlinear
valve gain added) .
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| MS100 Simplified Grid Dynamic Model -
cu..m_._:,_w:mév |

"The information contained In this document is from the GEAG preliminary transient simulation (Ims100.fsim)
of the LMS100. gas turbine and control. The gas turbine is represented by a Component Level Model (CLM) that
models the primary engine components (Compressar, combustor, furbines, etc.). The conirel model
is based on a GE preliminary coniro! definition and simulates the digital control, sensors, actuators

fuel metering system and inter-cooler. o .
THE MODEL PROVIDES ESTIMATED ._.wb,.zm_mz._. PERFORMANGE BUT DOES NOT PROVIDE

m.mm.uoxgbznm GUARANTEES

—

_umﬁm_, Harrison
April 23, 2004

GE.Proprietary Informatlon ) ) :

The information contalned In this document Is GFE propristary information and Is disclosed In confidencs, The technical data therein is
exparied under a U.S. Govemmant License autherization: “No tfcense Required — NLR". Itis the properily of GF and shall not he used,
Jrsclosed to others or reproducsd without the express wiitien consent of GE, including, but without Fimitation, it Is not fo be used inthe
ereation, manufaciurs, development, or derfvation of any repalrs, modificalions, spare parts, designs, arconfiguration changes or fo obtaln
FAA or any other govermsnt or regulatory epproval fo do So. IFoonsent s given for reproductian In wiiole or in part, this notice arid the
notice sel forth.on sach page ofihis document shall appear in any such reproduction fn1 yhole oF in part. In addition, ihe fachnical data

trerein, and the direct produat of the dats, may not be divertad, emsfacred, re-axported o disclosed in any manner nof providad for by fhe .GE imagination at work %@ i

license without the prior autherization of the U8, Govemment.”.
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e  Jomdcuid leads {60} M L Reference. Py i
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| ised) ASSUMPTIONS . :
> W s 2 1. Values for constants are set to duplicate LMS100 transfer
m,.,w.m § 24,00 Egs Liper it reguation _\ fanction as specified om sheet 2. Constants do not match the
+F 0.0 §Kp, fuaction v Descriptions as specified in table. .
R 00 11g, feacsion / . SPEED is PT rotor deviation from nominal in rpm/3600
0 ; I —ppor powe Frav al 3, Pmeclt is m&fﬁ.ﬁwucﬂmﬂE#nwmmwoinwﬁwﬂom
I 08 | Py, lowergowesfimtt 7
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LMS100 Grid frequency ramped 60 to 50.75 Hz over 60 sec period
90 MW initial power ” 80 to 59.75 Hz over 0.2 sec period
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Assumptions

Grid Qperation

Gas fuel, AW inter-coclsr

59 deg C amwhient temperature, 584 Tovel
4 inch H20 / 6 inch H20 inlefexhaust losses |7
80 Hz =3600 RPM QT PTspead .
Control droop setting Z_PROOP =6 %
Control MWRANGE setting 120 MW
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1EEE PS524. Mode} Constants

Customer ' TBA
Allermator Brush 88-300ER .
Uit , L5100 Gas Turbine Generator
Prepared by R Kleen
Date June 1, 2004
Comment Model for PSS Tuning Study for EX2100 AVR
] Machine Spded fpu) .. '
Vs2 R Electrical Powar {pu) BN — o
_\_ Preflimanary Value ™ Suggested Range
TW1 Washout Time Constant ] 2000 2-15
TW2 ) Washout Time Constant : 2.000 2-15
TW3 Wasihout Time Constant ' 2,000 2-15
TWa ) * Washout Time Conslant . R0 0
T1 ‘ ' {st Lead Time Constant | 0.150 0.1-2
T2 . st Lag Time Constant NI 0.030 0.01 -1
AT ‘ 2ntl Lead Time Constant ' D180 0.1-2"
T4 " 2nd Lag Tirme Constant v . 0,030 0.01-1
T8 _Filter Time Constant ___ 0.000 D
-T7 - Filter Time Constent 2000 ‘ 2.15
T8 RTF Murperator 0.500 5 % RTF Dencminator. ],
1o RTF Denonfnator .. . 040D pO1-40 '
N ' RYF Crder : 1.000 1
M RiFs# Poles 5.000 &
KET PSS Gain 15.000 6-100
‘K52 ) Inertia Gain (=Tw/2H} 0237 Twi{2H)
ICS3 Pe Gain . 1000 1
VSTmax Positfve Outpat Limit {pay 0100 _002-0.1
VETriin Megative Ontput Limit (p_u)'- 0,100 .02 0.1

The data on this sheet is GENERIS and should NOT ba used with egnipment in the field.
Bueh date shovld onfy coms from tuning studies which determine the oplimal PSS setfings.
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